INTRODUCTION

0
Repetitive elements are similar or identical DNA sequences present in multiple copies 4 1 throughout the genome. The majority of the repetitive sequences in the human genome are 4 2 1 0 1 repeat classes). The remaining repetitive regions were categorized as shared repeats.
0 2
Role of transposable elements in gene regulation by chromatin states.
0 3
Based on previous studies, TE-derived sequences can provide transcription factor binding 1 0 4
sites, promoters and enhancers, and insulators/silencers [5, 21, 22] . To look for enrichment of 1 0 5
TEs within regulatory elements, we looked at the proportions of nucleotides with a TE in each 1 0 6
of the six defined regulatory elements [23] as they appear in different components of the gene 1 0 7
model. This represents the probability of a given nucleotide within an regulatory element 1 0 8
(RE) being from a transposable element (TE), i.e. p(TE|RE) (see Methods for details) across 1 0 9
the set of genic regions (Fig 2A) . Confidence intervals for the pairwise differences in enriched for TEs in comparison to these elements in other components of gene models.
6
Finally, Intergenic Insulators were also found to be enriched for TEs in comparison to
7
Insulators in all other components of gene models, except for those in 5'UTRs. by acting as an alternative poly-A site [41] , and the insertion of LTRs in introns has been 3 3 7
associated with premature termination of transcription [42] , supporting the results presented 3 3 8
here. L2 and MIR are ancient TE families conserved among mammals, and are regarded as 3 3 9
inactive or fossil TE elements [43] . However, these TEs showed a level of association with 3 4 0 reduced gene expression when located in 3'UTRs (Fig 5) , which is also consistent with a 3 4 1 previous finding on their ability to impact the evolution of gene 3' ends by containing cis-3 4 2 elements for modified polyadenylation [44] .
4 3
In addition to potentially altering gene expression by insertion into regulatory elements, TEs 3 4 4
may also be associated with specific functional characteristics of expressed protein coding 3 4 5
genes. When we examined the functional annotation of repeat containing genes, we found 3 4 6 that some functions were over-represented (Table S5) . Perhaps the most interesting of these 3 4 7
associations was that genes with Alu insertions were found to contribute to coding exons 3 4 8 through alternative splice variants. One explanation of this observation is that Alu-induced 3 4 9
alternative transcripts may result in nonsense mediated decay of alternative transcripts [45] .
5 0
Two examples of alternatively spliced genes of this type with implications for human 3 5 1 disease are DISC1 and NOS3 (Table S6 understanding of how repeats are associated with epigenetic regulation of gene expression.
6 5
Finally, while exapted TEs may contribute to the generation of transcripts that undergo 3 6 6 nonsense mediated decay as part of gene regulation, we speculate that they may also provide 3 6 7
an opportunity for alternative splicing and novel exaptation. TEs therefore are important 3 6 8 agents of change with respect to the evolution of gene expression networks. 
7 1
Theoretical framework and methods
7 2
We constructed pipelines to analyze the distribution of repetitive elements in different parts 3 7 3
of the human genome. Repetitive elements overlapping with protein coding regions, non-3 7 4
coding regions and regulatory elements were identified. GO term over-representation and 3 7 5 expression analyses were carried out for repetitive elements overlapping with protein-3 7 6
coding regions. The pipelines and related materials are described below.
7 7
Tools used to develop pipelines for repetitive element analysis 3 7 8
The identification and classification of TEs from the human genome was conducted by 
5 4
The references were then input to rsem-calculate-expression [64] using default parameters 4 5 5
for all 6 tissues to obtain TPM based expression values. 
5 6
6 4
The weighted bootstrap procedure for assessing the effects of a TE in each genic region.
6 5
Many genes contain multiple transposable elements, with only a minority of genes 4 6 6 containing a single TE (Fig S2) . In order to assess any effects on transcription due to the 4 6 7
presence of a single TE, a weighted bootstrap approach was devised. For a given TE within 4 6 8 each genic region within each individual tissue, the frequencies of co-occurring TEs and 4 6 9 combinations of TEs were noted. Uniform sampling probabilities were then used for the set 4 7 0
of genes containing a specific TE in a specific region, whilst sampling weights were 4 7 1 assigned to genes lacking the specific TE based on TE composition, such that the TE regulatory elements in lincRNA exons and introns was obtained using the same methods as 4 9 2 above. The previously described regression models were then used to analyse this dataset.
9 3
Association of functional elements with human repetitive elements. To demonstrate the 4 9 4
potential functional significance of repetitive elements, the Database for Annotation,
9 5
Visualization and Integrated Discovery (DAVID) [66] was used to perform the GO 4 9 6
classification. We first extracted Gene-IDs from overlapping regions between different gene 4 9 7
categories (1000bp proximal promoter, 5'UTR, 3'UTR, and the combination of these 3 4 9 8
regions) and TEs. These gene-lists were then submitted to the DAVID Functional 4 9 9
Classification Tool. We chose the third level of GO terms to describe the over-represented over-represented GO terms was set to an FDR (Benjamini-Hochberg method) less than 0.05.
0 4
Protein-coding genes with Alus were also visualised with the UCSC genome browser The author(s) declare that they have no competing interests. 
